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We referred briefly in our last issue to 
the important question of freezing in com- 
pressed air pipes and passages. Until 
recent years it was a common thing to 
criticise compressed air because of its 
freezing propensities, and it is well known 
that'in the early use of the air brake 
freezing in exhaust passages gave trouble. 
We know of a case where an engineer de- 
signed a compound pump, using air at 
high pressure and expanding down through 
several stages. The result of this was that 
water was deposited within the cylinders to 
such an extent as to stop the pump. This 
was due of course to the reduction of tem- 
perature which brought the air below the 
dew point. 

The amount of vapor in the atmosphere 
varies with each climate. Air in its natu- 
ral state is never perfectly dry. This 
moisture is only mechanically mixed with 


the air and has nothing to do with its 
chemical composition. The capacity of 
air for holding moisture is affected by con- 
ditions of volume and temperature and 
not by density. In other words, a certain 
volume of free air will hold the same quan- 
tity of moisture as the same volume of 
compressed air. This may not be absolutely 
true, yet it is true for all practical pur- 
poses. Under average circumstances it has 
been found that there is about one pound 
of moisture or water in every 1000 cubic 
feet of free air. In compressing air to high 
pressures, say 2,000 pounds, this moisture 
is separated and is drawn off from the re_ 
ceiver, it being necessary, however, to first 
reduce the temperature of the air by passing 
it through an intercooler. It is therefore 
evident that it is easier to get dry air at 2,000 
pounds than at 100 pounds, so that diffi- 
culties through freezing are not likely to 
occur in a properly designed high pressure 
installation. 

In common direct acting pumps that use 
air at pressures below 100 pounds freezing 
in the exhaust may be easily prevented by 
letting a small stream of water into the ex- 
haust passage. This stream need not be 
greater than the diameter of a needle, but 
it will serve very well to supply enough 
heat and to aid in a mechanical way to cut 
away frost and ice. As it is not difficult 
to find water where pumps are used 
this method of preventing freezing is a 
common one, but the true idea is to reheat 
the air before it is used. Strange to say 
this is uot done to any great extent because 
itis difficult to convince persons of the 
fact that reheating does something very 
much more important than preventing 
freezing, in that it adds to the economies 
of the system. We have recently had our 
attention called to a case in the West where 
reheaters are used even in the mines, some 
old shaft or other outlet serving to carry 
away the gases of combustion. In this case 
it has been found by experience that a little 
over one half a cord of good pine wood is 
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used every twenty-four hours to heat 700 
cubic feet of free air per minute to a tem- 
perature of 350 degrees. The heated air in 
this case passes through pipes covered 
with magnesia and hair felt to the first 
cylinder of a compound hoisting engine 
from which it is exhausted back into 
another heater, its temperature having been 
lowered because of work done in the cyl- 
inder of the hoist. After bringing it back 
to 350 degrees the air is passed to a second 
cylinder where it is used at a pressure of 
about 30 lbs. It has been 
after being reheated 


found that air 
may be conveyed 
three or four hundred feet through covered 
pipes with but little loss in temperature, 
but it isalways best to place the reheater as 
near the motor as the 
case will admit. 


conditions of the 


Is Compressed Air Destined to Become the 
Rival of Electricity. 

Many and marvelous are the inventions 
which have grown out of electrical dis- 
coveries and research, until it seems, from 
their multiplicity and present state of per- 
fection, that the spirit of invention which 
animated these 
slumber. 


must 
Mighty, indeed, has been the 
revolution inthe affairs of man wrought 
by electricity; under the 


creations soon 


command of 
genius, even though its march has been in 
the wake of that other potent force in civ- 
ilization—steam. Notwithstanding these 
achievements, the commercial and indus- 
trial world is fast becoming conscious of 
the fact that its future rapid strides and 
ultimate commercial supremacy, as a mo- 
tive power, will depend on cheapening the 
production of this form of energy, so as to 
oust steam, which feeds wastefully on 
costly coal. If this problem remains much 
longer unsolved, its toiling in the field of 
transportation, and in the workshop, will 
be shared by some other of nature’s forces, 
for investors have begun toseriously realize 
that the millions which have been expended 
for franchises, dynamos, copper wire, etc., 


are not fruitful in dividends. It is stated 
that only one-fifth of the electric lighting 
stations in the United States are paying 
44%. 
generating electricity by the initial power, 


Is it the uneconomical process of 


steam, that is responsible for seventy-four 
electrical railroads, representing a billion 
and a half of dollars, being now in the 
hands It is true that dyna- 
mos, in their present state of development, 


of receivers? 


give out a high percentage of the engine’s 
power imparted to them, and though we 
find the latter supplying in mechanical 
energy only 1o% of that represented by the 
furnace heat, yet this wasteful process is 
not directly chargeable to the engine’s in- 
capacity to transform power delivered to 
it; but the trouble is due to the inability of 
the boiler to absorb and convert the major 
portion of the heat energy liberated in its 
fire-box. These significant facts have al- 
ready influenced the recent course of elec- 
trical investments, and now the selection 
of a cheap initial power for generating 
electricity is the all-impoitant question of 
the day. Eminent engineers and scientists 
are at work upon this problem, some en- 
deavoring to produce electricity direct 
from coal or chemicals by rapid decompo- 
sition, or other methods of electro-chemis- 
try, with a view of locating power plants 
in the coal-fields, or by the sea, and tele- 
graphing the currents so derived to the 
cities for consumption, while others are 
seeking sources of energy to be found in 
water-powers, or in the fitful but giant 
forces of nature, as tides and winds—and 
the promise recently given that Niagara 
would soon be a captured Pegasus and 
harnessed, so as to become a useful wheel- 
horse, instead of a prancing, plunging 
steed, is now fulfilled. 

This development of power in the bosom 
of nature, many miles distant from indus- 
trial centers, presents other problems, re- 
quiring skill of the highest order, in their 
solution, namely: the economical trans- 
and distribution of 
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great magnitude and intense energy over 
long distances. When large accumulations 
of electric current are concentrated and 
prescribed to flow over a conducting wire, 
it becomes elusive and intractable as it 
flows forth, and rather than follow the 
pathway appointed for it to travel, it wastes 
itself, or passes to other substances and is 
dissipated so rapidly, that if it is trans- 
mitted any great distance the loss becomes 
so great as to render its transmission im- 
practicable. Thus it can be seen that while 
electricity has not yet succeeded to its 
estate, the solution of these problems will 
mark a new era in the history of this subtle 
element. The applications of electric 
energy to industrial and commercial uses 
are so numerous and varied, and this singu- 
lar phenomenon has received so much 
attention at the hands of the scientist, the 
engineer and the capitalist, that the world 
has become fascinated by its conquests, till 
now the impression prevails that electricity 
must necessarily become the motive power 
of theage. The writer does not claim that 
this, the above tendency, is a false one, but 
simply is set forth to show the reasons why 
other available forces in nature have re- 
ceived so little attention and consideration. 
Among these neglected forces, compressed 
air may be mentioned as a means of power 
transmission that has not received the 
attention it deserves. 


EARLY ATTEMPTS TO USE COMPRESSED 
AIR, 

The application of compressed air to 
industrial purposes dates from the close of 
the last century, although before this we 
find isolated attempts were made to apply 
it in a variety of ways. 

To the fertile brain of Dr. Papin, of 
France, we are indebted for the first sug- 
gestion of conveying parcels in a tube by 
compressed air, and he was the first to 
suggest the use of compressed air as a means 
of transmitting power. This distinguished 
Frenchman went to the expense of putting 


his ideas into wood and metal, but the 
results of his experiments were not en- 
couraging. This wasabout A. D. 1700. 

About a hundred years later, a Welsh 
engineer contrived an apparatus to utilize 
a water-power to work a blast furnace and 
machinery, a mile and a half distant, by 
compressed air, but the resulting blast was 
feeble. 

For a century or more water elevators 
operating by compressed air have been used 
in the mines at Chemnitz in Hungary. 
Vague descriptions of apparatus for using 
compressed air in the mechanical arts are 
found in early English patents and publi- 
cations, but none, so far as known, were 
practically applied. In 1810, Medhurst, of 
England, patented means for conveying 
parcels by compressed air. There is no 
authentic record that his project was re- 
duced to practice, and it stands simply as a 
mile-post on the road toward the advance- 
ment of knowledge in this direction. In 
1824, Vallance revived the idea of Med- 
hurst. Contributions to this science were 
also made by such pioneers as Pinkus, 
Cleeg, and Pilbrow. 

In 1837, the Italian government ordered 
experiments to establish the laws that 
govern air transmission, and improvements 
in methods and appliances have followed, 
resulting in the practical use of air for tun- 
neling, in conveying parcels in tubes, and 
that valuable adjunct to railway trains— 
the air-brake. 

Along about 1857 an American, Dr. 
Gorrie, exhibited in London and elsewhere 
cold-producing machines, in which air was 
compressed in one cylinder, cooled whilst 
compressed, and re-expanded in another 
cylinder, ina manner to utilize its expan- 
sive force. In 1859, acompany was formed 
in London, and permanent pipes laid down 
for conveying parcels by air; these lines of 
pipe were extended in 1865. During the 
same year Ericsson operated eighty sewing- 
machines by compressed air in a factory 
in New York. 
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Experimental sections of pneumatic dis- 
patch tube for carrying passengers were 
built at Sydenham, England, and in New 
York in 1867. The line at Sydenham was 
600 yards long, and was traversed in fifty 
seconds with a pressure of 2' ozs. per 
squareinch. In 1872 Congress appropriated 
$15,000 for a pneumatic dispatch tube be- 
tween the Capitol and the Government 
Printing Office in Washington. 

Other systems have been multiplied by 
telegraph and express companies in Vienna 
and Berlin. The Western Union Telegraph 
Company conveys messages from lower 
Broadway to Twenty-third Street in New 
York, a distance of about three 
They employ a vacuum, and the parcel 
travels between the te: minals ordinarily in 
five minutes. Air was used for rock drilling 
in tunneling Mount Cenis, Hoosac, Arl- 
burg, and other mountains, In 
was used to propel cars on the Second 
Avenue Railroad, in New York. 

This was briefly the state of the art up 
to 1880, but the dreams of Papin and the 
hopes of Medhurst were but partially 
realized. The disappointments of the past 
are, however, no cause for apprehension of 
final successful application of air for trans- 
mitting power. Many of the 


miles. 


1879 air 


grandest 
successes of the present were absolute fail- 
ures in the early attempts. Previous to 
1880 the waste of energy in the compression 
of air, and the sickly design and faulty 
construction of mechanism for using air, 
due largely to the ignorance of the prin- 
ciples of thermodynamics, retarded the in- 
troduction of air as a mode of transmitting 
power. At Mount Cenistunnel, the loss in 
compression was fully gov. 
compressors the loss is less than 16,. 

While compressed air has been used over 


In the modern 


and over again in a small way, and gener- 
ally in a rough and uneconomical fashion, 
it was not until within a few years that any 
systematic attempt has been made to trans- 
mitand distribute this form of power for 


general consumption. To-day this is being 
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successfully done in Paris and Birmingham, 
England, where the installations have 
given birth to applications and utilizations 
for purposes heretofore unthought of, with 
valuable economic results, and a realization 
of high efficiency in its workings. 

In Paris the power is distributed not 
only to factories and electric lighting sta- 
tions, but also finds domestic use, being 
sold to householders, restaurant keepers, 
etc., keeping them supplied with an avail- 
able power which is turned to account in 
many useful ways, in producing the con- 
veniences and comforts of life, while 
proving a welcome substitute for steam- 
power, with its heat, smoke, danger and 
waste. 

The commercial advantages derived from 
these air systems have resulted in their 
rapid extension, and in Paris elaborate 
provision is being made to increase the size 
of the plant with a view of supplying an 
aggregate of 25,000 H. P. 


THE POWER YIELDED. 

The general effiiciency of this mode of 
transmitting power in these two systems is 
conservatively put at from 8o, to 55%, a 
showing that puts to flight the idea that 
the transmission of compressed air over a 
distance of several miles necessarily entails 
enormous losses. The attainment of this 
efficiency is gained by the help of another 
physical agent, in connection w‘th the ob- 
servance of certain simple laws, and an 
explanation in regard thereto may be 
readily understood without wading too deep 
into the water of science; and when under- 
clear the why 


make reasons 


heretofore the progress in the introduction 


stood will 


of a power so rich in possibilities has been 
impeded, while the truth becomes apparent 
that there is very little 
through its transmission if properly manip- 


loss of power 
ulated. In order that the reader may under- 
stand the elements involved in the solution 
of this problem it is necessary to gaina 
few preliminary ideas as to the behavior of 














COMPRESSED AIR. 177 


air under prescribed conditions. Air under 
compression when impelled to move in a 
certain path is governed by laws quite 
different from those affecting electricity. 
As the air flows through the pipes the re- 
sistance of the surface of the same has to 
be overcome, and whenever compressed air 
meets resistance the pressure falls slightly, 
but this moderate reduction in pressure 
does not involve a loss of transmission, 
because what the air loses in pressure it 
gains in volume, so that its mechanical 
effect may at any point be easily restored 
to initial capacity by the application of a 
small amount of heat, and it has been 
found that by this simple expedient its 
capacity todo work at the points of con- 
sumption many miles from the power- 
station is enhanced with but a nominal 
cost, and that no more economical effect 
of the application of heat has ever been 
found than this method of annihilating the 
effects due to friction in the air’s trans- 
mission. An eminent English engineer 
declares that a quarter of a pound of coke 
per hour per indicated horse-power is suffi- 
cient to heat the air required in a moderate 
sized engine. Nor does this fairly illus- 
trate its economic value, when we come to 
consider that itis capable of. another im- 
portant service (asalluded toin Dr. Gorrie’s 
discovery) at the points of consumption, 
in the use of the by-product, the exhaust 
from the motors—for the purposes of ven- 
tilation and refrigeration. In Paris the 
restaurants and beer-cellers are supplied 
with refrigerant in this manner and which 
proves highly satisfactory in every respect 
and displaces the ice-melting method alto- 
gether, and in some cases is so sought after 
for cold storage that power is consnmed 
essentially for its exhaust to use to this 
end, 

In this country compressed air is being 
pressed into service in small ways in every 
branch of industry, but the use to which 
the public is most familiar is probably in 
its application to railway trains in its 


adaptation to applying the brakes; but its 
utility and operation in this connection are 
scarcely appreciated until we come to con- 
sider the conditions of its use. While we 
have all noticed that trains cannot be 
gotten under way until the locomotive has 
run some distance, to work up speed, it is 
doubtful if we have ever stopped to think 
of the tremendous momentum that is being 
piled up as that speed increases and the 
energy that must be destroyed in bringing 
a train to a sudden stop after it has gotten 
under way. It is estimated that the vast 
amount of energy that must be called into 
action at a moment’s notice is greater than 
can be imparted to a projectile by the 
largest of modern guns. Its triumph in 
this direction is daily evidenced, and is 
the one important factor that has maae 
speed in railway travel reconcilable with 
safety. How few of us have realized the 
importance of this daily performance. A 
train running 40 miles and hour traverses 
59’ in each second—lurking danger appears 
in sight— the loss of one second through 
the lack of vigilence on the part of the 
engineer means its hastening on on errand 
of destruction by just 59’. By the touch 
of a lever the brakes are applied and the 
train that was rushing along at almost 
lightning speed is brought to a standstill in 
a minimum of time and within a distance 
of 400’ from where the danger was sighted, 
and this prodigious power that is brought 
to bear on tne brakes is so ingeniously 
distributed and applied as to relieve the 
cars of all strain, while the train is promptly 
arrested in its flight without creating any 
commotion among the passengers or giving 
rise to a disagreeable shock. 
JoOsEPH W. BUELL IN Inventive Age. 


Several subscribers write for back num- 
bers of COMPRESSED AIR. 

To supply these fricnds of ours, we will 
pay twenty cents a copy for a limited 
number of the following issues. March, 
1896, April, 1896, June, 1896, July, 1896. 
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Fire Alarm Whistle. 

Suburban towns that use fire alarms will 
be interested to know that the Compressed 
Air Whistle is the most effective means of 
proclaiming fire tidings that there is ; and 
also that it is economical and automatic, 
and easy to install. Our correspondent, 
Capt. W. B. Sayre, says: ‘‘ We have hada 
compressed air whistle in operation now 
about a year and find it a great success and 
eminently fitted for use in suburban vil- 
lages, inasmuch as the cost is less than that 
of purchasing and mounting a heavy bell, 
and the alarm is a hundred times more 
effective for the simple reason that the ear 
becomes accustomed to the sound of a bell 
owing to adjacent church or school bells, 
and if a person living some distance from 
the engine house is sleeping soundly with 
windows closed and wind blowing outside, 
he probably will not be awakened, but the 
hidious screaming of our siren will almost 
wake the dead, as under ordinary circum- 
stances, when the wind is not very high, it 
can be heard a distance of from five to 
eight miles distinctly, while it is doubtful 
if a two thousand pound bell would carry 
that far. Our plant consists of a boiler, an 
iron cylinder, eight feet long and forty-two 
inches in diameter, and capable of carrying 
one hundred and fifty pounds pressure. It 
is placed on the second floor of our engine 
house so as to be near the whistle and thus 
avoid unnecessary piping and probable 
leaks. It is fitted with pressure gauge and 
safety valve, as well as pet-cock at the 
bottom for drawing off water which con- 
denses. Our whistle is an ordinary ‘‘Siren,”’ 
such as is used on steam vessels and some 
few factories. It is 4% inches in diameter, 
and the ‘‘chimer’’ is actuated by a drum 
and weight arrangement. This whistle is 
placed ten feet above the house so as to 
carry sound over adjacent buildings and is 
conne ted with the cylinder by inch piping; 
the chain which opens the valve in the 
whistle, trips at the same time the pall 


onthe drum which operates the chimer 
and thus starts all off together. Our pres- 
sure is put on by a double action air com- 
pressor which is operated by an electric 
motor. These compressors can be had at 
most any price according to their capacity, 
from that capable of being run by main 





power—which would take, possibly a whole 
day to charge a tank the size of ours 
down to the combination double action 
compressor, capable of putting 100 Ibs. 
pressure on it in an hour but requiring five 
horse power to operate it. Our plant as it 
is, is a decided success. We carry 100 lbs. 
on our cylinder constantly and this will 
run our whistle about goseconds. It seems 
hours. When an alarm comes in, should 
it be at night, the driver as he slides down 
the pole from the sleeping quarters pulls 
the whistle chain and puts it on a hook and 
goes on about his business, and the whistle 
blows until exhausted or is released. It 
can also be used, after giving along blast 
to awaken the firemen, to give the number 
of the box called by short blasts.”’ 


Air power is employed to mechanically 
play an orchestrion in the Pembridge 
Square, London home of Mr. J. H. Van 
Ryn, well known in South African mining. 
Hitherto such instruments have had to be 
wound up. ‘The maker, Mr. Makle, how- 
ever, has patented the method of driving 
by a wind turbine. A current of air is 
generated by a hand compressor, a blower, 
or bellows, and passes through a pipe to the 
species of turbine which is similar to the 
well known cupanemometer. At Mr. Van 
Ryn's residence the air compressing appa- 
ratus forrunning the orchestrion is placed 
in a room under it and is driven by water 
pressure from the street mains. 


Compressed air locomotives for use in 
mines are classed as the most advanced 
method of hauling the product of the mine 
to the surface and to wherever it is wanted. 
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Compressed Air vs. Electricity. 
BY FREDK. S. WATKINS, M. E. 


Closely allied to the generation of power, 
the transmission of power is a problem 
continually increasing in importance. 
Whatever the method used to convert the 
natural forces into useful work, the next 
problem is what system to employ to trans- 
mit this power to a distance, to be used as 
the circumstances of any particular case 
may require. 

Although many different contrivances 
are in use for transmitting power within 
comparatively short distances, when we 
consider distances of say 1,000 feet or over, 
but two methods have yet attained any 





special prominence—electricity and com- 
pressed air. The rapidly awakening inter- 
est in the latter is but an indication of the 
future before it, when its general adapta- 
bility becomes better known. 

In any problem of this class, in order to 
properly select from several different sys- 
tems, we have the following points to 
consider : 

1. First cost of complete plant. 

2. Efficiency of system. 

3. Cost of operation, including repairs. 

4. Reliability, or freedom from break- 

downs. 

5. Difficulties met with in operation. 

With the first cost we must also consider 
the efficiency or percentage of useful work 
realized, for as we are figuring upon a cer- 
tain amount of power to be delivered at 
the end of the line, it is necessary to have 
a plant of sufficient size to deliver this 
amount of power, after allowing for all 
losses. 

Any method requiring a number of sepa- 
rate stages, each with its own apparatus 
more or less complicated, must necessarily 
have large losses, requiring the expenditure 
of more work to obtain the final result, and 
this is one important point in which com- 
pressed air has an advantage. 

Starting the same as an electric plant, 


with the prime mover, generally a steam 
engine, we find at once in the usual type of 
direct connected air compressor a machine 
so comparatively simple in construction, 
that good practice will show an efficiency 
in the compressor of go per cent. of the 
energy of the steam. ‘The compressed air 
has then only to be condncted throngh a 
properly constructed pipe line to the point 
of application, in which practical tests 
have shown the loss to be less than Io per 
cent. in distances of one mile. 

In transmitting electricity to any dis- 
tance the losses are heavy, requiring con- 
stant attention to the proper insulation and 
protection of the line, a slight accident to 
which would cause an enormous loss. 
Where compressed air can safely be relied 
upon for a loss of less than 10 per cent., 
electricity would ordinarily suffer a loss of 
not less than 30 per cent., frequently a 
much higher one. This shows that con- 
siderably less boiler and engine capacity is 
required by the compressed air plant, re- 
ducing first cost by no small amount. For 
transmitting the power, the pipe line 
required by an air plant may usually be 
taken at about the same as the cost of an 
electric line for the same power. Strange 
as it may at first seem to compare a pipe 
line to a copper wire in cost, when it is 
taken into account that the pipe requires 
no provisions beyond being tight, requiring 
no special protection against the elements, 
where the wire must be carefully insulated 
and strung on poles or placed in expensive 
underground conduits, all involving ex- 
pensive outlays for labor and material, we 
at once see the cost more or less equalized. 

Arrived at the point of application at the 
end of the line, the same simplicity always 
attends the compressed air operations, for 
we need but a properly designed engine 
built to perform its special duty, and ordi- 
narily giving out in useful work go per 
cent. of the power received from the com- 
pressed air. We have in this instance 
about 72 per cent. of the power of our 
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prime mover transformed again into useful 
work one mile away. 
motor had the same go per cent. efficiency, 
it would give out at the end of the line but 
57 per cent. of the power of the prime 
mover, at least 1o per cent. having been 
lost in the generator, and 30 per cent of 
this afterwards lost in the line. We have 
then 57 per cent. realized, as compared to 
72 per cent. realized by the compressed 


Even if the electric 


air system, or in other words, the latter 
system would require that proportion less 
in boiler and engine capacity. 
plains, in connection with the relatively 
lower cost of the machinery, why it is that 
a compressed air plant is so much lower in 
first cost than an electric plant delivering 
the same amount of power. 

As for the cost of operation, since the 
compressed air plant requires less power to 
start with, it requires less fuel to supply 


This ex- 


the necessary power ; the amount invested 
being less, it represents less interest on the 
capital, and a smaller amount to be annually 
marked off for depreciation; the construc- 
tion throughout being more simple and less 
liable to accidents, the item of repairs is 
very materially reduced. 

Regarding the reliability, when we con- 
sider that compressed air is but little 
affected by atmospheric changes, and that 
all mechanism is readily accessible for 
repairs, we see that there is but little to 
get out of order, and only to be quickly 
and easily repaired. One greatly overrated 
cause of trouble has been the ‘ freezing ”’ 
or more properly ‘‘ frosting ’’ of the mois- 
ture contained in the air upon the expansion 
of the compressed air in the cylinder of 
the machine. 
modern appliances, and when we hear of a 
compressed air machine freezing, we know 
it to be a case of carelessness or 


This has been overcome in 


poor 
design, things that no process can always 
be free from. 

The difficulties encountered in electrical 
operations are numerous, and in manv 


cases impossible to overcome. Everything 


AIR. 


must be guarded with the closest scrutiny, 
demanding the highest skilled and edu- 
cated labor; lightning, moisture, etc., are 
constant causes of trouble; extreme care is 
reqnired by the operators to avoid receiving 
the dangerous and often fatal current; the 
machinery runs at high speed, requiring 
buildings and foundations of the most sub- 
stanial construction. 

Compressed air has none of these diffi- 
culties to contend with. The compressor 
is but little more than a steam engine with 
one or more extra cylinders and_ their 
valves, all of simple design; it runs at safe 
speeds, is clean, comparatively noiseless, 
and safe in every way, and the same may 
be said of the compressed air machine at 
the other end of the line, considered in 
itself. 

In addition to other advantages; the ex 
panding air exhausted into the atmosphere 
is a medium under control for ventilating 


and cooling, 


a feature often of importance 
in engine rooms and particularly so in 
mining. 

Advance in any line always has a certain 
amount of predjudice to overcome, and 
compressed air has this to encounter in its 
progress. Its advocates in no way attempt 
the 
holds in fields peculiarly adapted to itself, 


to underate importance electricity 


in these it still reigns supreme. Give 
compressed air a stand on its own merits, 
with appliances to suit the conditions, and 
we have a medium of transmission con- 
venient and economical, and susceptible of 
a wonderful variety of applications. 
Industrial Reporter 


Mr. J. N. Weaver, Master Mechanic of 
the Sayre, N. Y. shops of the Lehigh 
Valley R. R , has lately constructed a de- 
vice for use on bush work and also to press 
driving boxes in and out. 

The tool was made out of an old 19x24 
locomotive cylinder and is mounted on legs 
at a convenient height to handle work. 
It is operated by compressed air. 
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(CONTINUED. ) 
AIR COMPRESSING MACHINES. 

In describing air pumps or compressors 
we will endeavor to confine ourselves 
strictly to such machines as are at the 
present time in practical operation. The 
large field of patented designs, antiquated 
types and such like, will be omitted. 

The simplest form of air pump is the 
little apparatus with which every one is 
familiar, namely, the pump for inflating 
the bicycle tire, Fig. 16, 


and letting go, it is quickly pushed back to 
its original position, heat has been pro- 
duced and there is evidently a pressure 
within the cylinder tending to hold its 
front end firmly against the piston. Where 
does this pressure come from? We had 
only free air and no pressure before giving 
the stroke to the cylinder and now it has 
returned to its original position and tends 
to go further. There has been no leakage 
from the tire because the check valve is 
tight and immovable. We have simply 
compressed a volume of confined air as we 
would compress a spring, yet unlike a 





Fic. 16. 


This little pump is made both single and 
double acting, the single acting device 
being the simplest form of air compressor. 
The piston rod is the discharge passage, 
the piston packing being a simple leather 
washer which is aided by the air pressure 
in forming a perfectly tight joint, the pis- 
ton is fixed, the cylinder being grasped in 
the hand and forced forward. This little 
device isinteresting in that its use reminds 
us of an important fact in air compressing 

-the development of heat. After a few 
strokes the heat produced is quite per- 
ceptible. This heat is not due to friction, 
but it represents the conversion of the 
work done by the hand into heat. When 
there is little resistance or little air in the 
tire the heating is not noticed because but 
little work is done. As soon, however, as 
the tire becomes inflated the action of the 
pump is more difficult to perform and the 
heat increases. It is not an uncommon ex- 
perience for this pump to fail to act, due 
tothe sticking of the little check valve 
which connects the cylinder through the 
piston rod with the interior of the tire. 
When this valve is stuck it will be noticed 
that on pressing the pump cylinder forward 


A BICYCLE AIR PUMP. 


spring it apparently has power to go 
further than its original position. This is 
because we have done work upon the air, 
ithas failed to get away, heat has been 
produced because the air has done no work 
in return. This heat expands the air, thus 
giving it additional power to recover, and 
as the cylinder is a light thing it is pushed 
back to its original position with but little 
expenditure of energy. If the pump and 
its confined air are now allowed to cool 
down to the temperature of the surrounding 
atmosphere the tension in the cylinder will 
be relieved and the original conditions 
will be recovered. Even a bicycle pump 
may teach us important lessons in ther- 
modynamics. 

Hand pumps of larger sizes are made for 
medical service and other uses, the prin- 
ciple being simply that of a piston forced 
backward and forward in a cylinder. Where 
larger volumes of air are required hand 
pumps provided with fly-wheels and oper- 
ated by one or more men have been intro- 
duced and are largely used. The com- 
monest pattern is the Vertical Belt or Hand 
Air Pump (Fig. 17), which may be run by 
hand or by power as desired. 
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BELT OR HAND AIR PUMPS. 
PRICE LIST. 
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The High-Pressure, Vertical, Belt Air 
Pumps are built in response to many appli- 
cations for a reliable and small belt or 
hand power air pump to compress air to 
300 pounds pressure. There have been 
several more or less important improve. 
ments made on the original design, and 
on the larger sizes the suction and dis- 
charge pipes are cast solid to the 
cylinder. 

They can be bolted against any pillar, 
wall or strong board, and driven by a heavy 
pulley wheel of such diameter and width 
of face as required to attain the pressure 
wanted ; when required to be worked by 
hand power they are provided with a 
handle in fly-wheel, which can be run by 
one or two men toa proportionate pressure. 
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The air brake pump is the simplest form 


of power air compressor with which weare 
familiar. Furthermore it isa machine so 
largely used that it deserves more than a 
passing notice. There are more air compress- 
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ors used for the purpose of operating brakes 
than for all other purposes combined. It has 
been estimated that 30,000 of these pumps 
are in service. Fig. 18 illustrates the im- 
proved 914 inch Westinghouse pump. 
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THE NINE AND ONE-HALF INCH IMPROVED 
AIR PUMP. 
DESCRIPTION OF THE AIR BRAKE PUMP. 
60. Top Head, complete (Includes parts 
Nos. 72, 73, 74, 75, 76, 83, 34, 35, 
108, rog and 8, of 110) 
61. Steam-cylinder, complete. (Includes 
parts Nos. 90, 91, 92, 93 and 94. ) 
62. Centre Piece, (Includes 
parts Nos. 2 each of 95, 96 and 97.) 
63. Air-cylinder, complete. (Includes 
parts Nos. 4 of 86, 2 each of 87, 


complete. 


88 and &9, and 1 each of go, 91, 92, 
and 106. ) 

64. Lower Head. 

65. Steam Piston and Rod. 
each of 67 and 68, 69 and 2 of 7o.( 


(Includes 2 


66. Air Piston, Complete, (Includes 2 
of 67, ) 

67. Piston Packing Ring. 

68. Piston Rod Nut. 

69. Reversing- Valve Plate. 

70. Reversing-Valve Plate Bolt. 

71. Reversing- Valve Rod. 

72. Reversing-Valve. 

73. Reversing-Valve Chamber Bush. 

74. Reversing-Valve Chamber Cap. 

75. Main Valve Bush. 

76. Main Piston Valve, complete. (In- 
cludes Nos.77, 2 of 78, 79, 2 of 
80, 81 and 4 of 82.) 

77. Large Main Valve Piston Head. 
(Includes 2 of No, 78. ) 

78. Large Main Valve Piston Packing 


Ring. 

79. Small Main Valve Piston Head. (In- 
cludes 2 of No. So.) 

80. Small Main Valve Piston 
Ring. 

S81. Main Valve Stem. 

82. Main Valve Stem Nut. 

82. Main Slide Valve. 

84. Right Main Valve Cylinder Head. 

85. Left Main Valve Cylinder Head. 

86. Air Valve. 

87. Air Valve Seat. 

88. Air Valve Cage. 


la ole7 
Packing 


89. Valve Chamber Cap. 

go. One and One-fourth Inch Union Stud. 
gt. Oneand One-fourth Inch Union Nut. 
92. One and One-fourth 

Swivel. 

93. One Inch Steam Pipe Stud. 

94. Governor Union Nut. 

95. Stuffing Box. 

96. Stuffing Box Nut. 

97. Stuffing Box Gland. 

g8.  Air-cylinder Oil Cup. 

99. Short Cap Screw. 

100. Long Cap Screw. 

rol. Upper Steam Cylinder Gasket 

102. Lower Steam Cylinder Gasket. 

103. Upper Air-cylinder Gasket. 

104. Lower Air-cylinder Gasket. 

105. Drain Cock. 

106. Air Strainer. 

107. One Inch Steam Pipe Sleeve. 

108. Left Main Valve Head Gasket. 

109. Right Main Valve Head Gasket. 
110. Main Valve Head Bolt. 

This air pump was designed without any 


Inch Union 


thought of economy in the use of steam, 
the main consideration being economy of 
space, light weight and absolute reliability 
of action. Economy in the use of steam to 
compress the air is quite secondary to other 
and more important considerations. The 
use of a crank and fly-wheel is incom- 
patible with economy of space, and a com- 
pressor with directly operated steam valves 
is a necessity. Because of this the clear- 
ance space in the air cylinder must be about 
double that required in a fly-wheel machine 
in order to avoid pounding. The steam 
ports; and especially the exhaust ports, 
must be contracted to prevent too high 
piston speed and consequent pounding 
when the pump is working against low ait 
pressures. For the same reason the ait 
discharge valves must also be small. The 
steam must be used non-expansively as the 
resistance of the air pressure is greatest 
toward the end of the stroke, requiring the 
highest steam pressure at that time, and 
having no inertia of moving parts to help 


it around the center. W. L. SAUNDEES 
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Transmission Through Pneumatic Tubes. 

The writer having been employed in 
designing the extension of a pneumatic 
dispatch line, in) which some heavy 
gradients were unavoidable, it became 
necessary to ascertain by calculation the 
steepest gradient that could be employed 
so as to obtain a sufficient carrying capacity 
in the new section of the line under given 
conditions of engine power and of length. 
Almost every text-book and paper on the 
velocity of gases in pipes, gave a different 
formula, and the author therefore found 
it necessary to attempt to construct a con- 
venient expression for the,speeds of car- 
riers of given weight and friction, under 
various conditions of pressure, gradients, 
and dimensions of tube. The problem of 
a pneumatic system is simply this: To 
make a given quantity of air expand from 
one pressure to another in such a way as 
to return a fair equivalent of the work 
expended in compressing it. It is obvi- 
ously impossible to regain the full equiva- 
lent of the work, because the compression 
is attended with the liberation of heat, 
which is dissipated and practically lost. 
Therefore, in designing a pneumatic sys- 
tem, the first thing is to contrive means of 
compressing the air as economically as 
possible ; and, in the second place, to get 
back the available mechanical effort stored 
up in the compressed air; irrespectively 
of the work employed in compressing and 
examining it. The writer considers that 
small pneumatic tubes may be worked 
more profitably than large ones. The 
great convenience of and the practical 
facilities for working small letter-carrying 
tubes have been amply proved by the ex- 
tensive systems already laid down in Paris, 
Berlin, London, and other towns, as ad- 


juncts to the telegraph services. Tubes 


) 


of somewhat larger diameter would un- 
doubtedly work satisfactorily. Even still 
larger tubes, of a moderate length, might 
also be found useful for a variety of special 
applications But the author does not 
believe that a pneumatic line working 
through a long tunnel could, for passenger 
traffic, ever compete in point of economy, 
with locomotive railways. A pneumatic 
railway is essentially a rope railway. Its 
rope is elastic, it is true, but it is not light. 
Every yard run of it, in a tunnel large 
enough to. carry passengers, would weigh 
more than 4 ewt. And it is rope, too, 
which has to be moved against considerable 
friction, and in being compressed and 
moved. wastes power by its liberation of 
heat. In a pneumatic tunnel, such as that 
proposed between England and France, 
in order to move a goods train of 250 tons 
through at the rate of 25 miles an hour, it 
would be necessary to employ simultane- 
ously a pressure of 1% Ibs. per sq. in. at 
one end, and a vacuum of 1% lbs per sq. 
in. at the other. The mechanical effect 
obtained of these combined—pressure and 
vacuum-—-would be consumed as follows : 


In accelerating the air . . 29 

In accelerating the train . 12 / millions 
By friction of theair . . 5721 ( of foot 
By friction of the train . . 330 pounds 


The resistance of the air, therefore, 
upon the walls of the tunnel would alone 
amount to 93 per cent. of the total me- 
chanical effect employable for the trans- 
mission; while the really useful work 
would be only about 5% per cent. of it. 
And to compress and exhaust the air to 
supply these items of expenditure of me- 
chanical effect, engines would have to 
exert over 2,000-horse power at each end 
during the transmission, even on the sup- 
position that the blowing machinery re- 
turned an equivalent of mechanical effect 
such as has never yet been obtained. This 
would not be an economical way of 
burning coals. 


Journal of the Telegraph, 
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COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editor of COMPRESSD AIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions 

We request that the rules governing such cor- 
respondence will be observed, viz: all communi 
cations should be written on one side of the paper 
only : they should be short and to the point 


EDITOR, COMPRESSED AIR : 

Will you answer through the columns of 
your valuable paper the following ques- 
tions to settle a point at issue. 

How much less power will it take to 
compress a certain volume of free air to 
say, 500 lbs receiver pressure, by using a 
three cylinder recompressor, each cylinder 
decreasing ina four-fold proportion, than 
a one cylinder compressor, to put the same 
amount of free air into the receiver against 
the same pressure or 500 lbs. 


J. S. SHERMAN, 


To compress 1 cu. ft. of free air in one 
cvlinder to 500 lbs. gauge pressure, will 
require an expenditure of 173,000 foot- 
pounds of energy, provided no account is 
taken of jacket cooling—and to compress 
the same quantity of free air per min- 
ute in three cylinders to 500 lbs. ter- 
minal pressure (the ratio of cylinder areas 
being 3.4) will require an expenditure of 
127,000 foot-pounds of energy, provided no 
account is taken of jacket cooling, but all 
heat of compression is to be abstracted by 
first and second 


intercoolers between the 


and third cylinders. 


Wants. 

A correspondent wishes to know where 
he can obtain information in regard to 
operating and constructing a compressed 
air whitewashing machine. 

If the machines will 


makers of these 


communicate with this journal we will be 
glad to forward the information to ow 


inquirer, 


The Master Mechanic of the Lehigh 
Valley shops at East Buffalo, N. Y., Mr. 
John Campbell; has solved an annoying 
difficulty which attended the storage of 
cotton waste and other material which is 
kept on the upper floor of the oil house. 
He has taken an eight inch Westinghouse 
air pump with the pump left off. Only 
the steam end and its reversing mechanism 
is used, and compressed air is taken for the 
power instea] of steam. It is a novelty in 
air machines and is capable of lifting 2,00 


pounds. 


Books. 


Roentgen Rays and Phenoma of the 


Anode and Cathode,"’ is the title of a new 
publication we have from D. Van Nostrand 
& Co., York. 


ward P. Thompson, M. E., E. E 


Init the author, Ed- 


New 
9 discusses 
and illustrates the principles, applications 
and theories of this wonderful discover 
The book 


electricians and 


will be useful to scientists 


others interested in such 
experiments as may be made in developing 
this new science. 

There are sixty diagrams and forty-fiv 
half-tone views of apparatus and reproduc 
tions of X Ray effects,that are very inter- 
A large number 


esting and instructive. 


ts 


of views from sciagraphs of various objec 
Coins, keys, rings, fountai 


Als 


are shown. 
peus, as seen through a leather purse. 
bones and _ other 


a varied exhibit of 


interiors. 
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Keller Pneumatic Stone 
and 


oe Metal 


j. Inlet prece 


2a. Cylinder 
3. Hammer 


8 
4. Hammer Washer 
5. Leather Washer 








6. Zool Washer 
7. Steel hushing 


Tool 





















































$ Furnished subject 

= to ten days trial. 
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Ss These Tools 
have always been 


ae 


preferred when 
comparative tests 
with other tools 
have been made. 


Absolutely Valveless. 
Patented November 12. 1895 








Write for Circular and List of Parties Using this Tool. 


MANUFACTURED BY 


C. HM. BAZSELER CO,, 


1026-1030 Hamilton Street, . - Philadelphia, Pa. 


“Phoenix” Pneumatic Drills, Reamers and Tappers, Breast Drills, Hoists, Compressors, 
Sand Sifters and Motors. 


Everything in the line of Pneumatic Equipment. 
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HOGAN WATER TUBE BOILERS 




















PERFECT IN DESIGN. 
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Always give entire satisfaction. Combines every desirable feature in 


boiler construction and design. 


SAFE, EFFICIENT, DURABLE, FREE FROM SCALE on heating 
surfaces. Has POSITIVE and CONTINUOUS CIRCULATION. Need 


no feed water heaters or steam separators. 
Delivers all steam above the water line. 


The WATER LINE is STEADIER than can be found in ANY 
OTHER WATER TUBE BOILER. 


Manufactured by 


HOGAN BOILER COMPANY, MIDDLETOWN, N. Y. 
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THE FIRM OF 
Wm. Wolstoncroft’s Sons & Co., 


(FRANKFORD ) PHILADELPHIA, PA. 


ARE now manufacturing both a VALVE and VALVE- 

LESS Hand Tool for Cutting and Carving Marble, 
Granite and Stone, Chipping Metals and all classes of 
Caulking. The latter is THE SIMPLEST AND MOST 
EFFICIENT tool in the market, and is composed of TWO 
PIECES ONLY. 

It is less liable to get out of order than any tool in 
the market and is not in conflict with any Pneumatic 
Tool Patent. 


The prices are right and efficiency is guaranteed for 
five years. 


Tools sent to responsible parties for 30 days trial. 
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The Snow Steam Pump Works, 


MANUFACTURERS OF 


Pumping Engines, 
Water Pumps 


a 


For Manufacturing Purposes, 











Waterworks and all 





= — Other Purposes. 
ie & OFFICE, 126 LIBERTY STREET, NEW YORK CITY. 


‘Th FOSTER__ 


‘Ald New “Class W”’ 
(Automatic) 


Pressure 
Regulator. 


The only Pressure Regulator satisfactorily 
controlling High Initial Air Pressures. 


In sueceessful service on ALL the AIR- 
MOTORS yet tested. 


FOSTER ENGINEERING CO., 


NEWARK, N. J. 
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VALVE LEATHER, 











OF ALL KINDS AND DESCRIPTIONS 
MANUFACTURED BY 


CHAS. A. SCHIEREN & CO., 
Tanners and Manufacturers, 


NEW YORK: 45-51 FERRY STREET. 

BOSTON: 119 HIGH STREET. 

CHICAGO: 46 SOUTH CANAL STREET. 
PHILADELPHIA: 226 NORTH THIRD STREET. 


TANNERY AT BRISTOL, TENN. 











MANUFACTURERS OF 


Seamless Rolled Tubes for Gases, Compressed Air, Etc., 


UNDER HIGH PRESSURE. 


Tested and approved by the highest authorities and Governments of Europe and 
America. 

Each Tube is carefully tested, and a Government Test Certificate is furnished with 
each Tube. Representatives :— 


CHAS. G. ECKSTEIN & CO. 
45 VESEY STREET, - - - NEW YORK. 
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THE POHLE 
AIR LIET PUMP 
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Water Pumped » 
Compressed Air. 


MANUFACTURERS AND LICENSEES: 


The Ingersoll-Sergeant Drill Co. 
PNEUMATIC DEPARTMENT, 
HAVEMEYER BUILDING, - NEW YORK. | 
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McNAB & HARLIN M’F’G CO., 


MANUFACTURERS OF 


BRASS COCKS, 


PLUMBERS’ BRASS WORK, 


Globe Valves, Gauge Cocks, Steam Whistles and Water Ganges, 
WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 


No. 56 JOHN STREET, - - NEW YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


120 & 122 LIBERTY STREET, NEW YORK. 


For 1} SURFACE 
i} CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY and 
Circulating 
SERVICE. Pumps. 





PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER ; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER. 
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"The 


Cc. & G. COOPER CO. 


MT. VERNON, OHIO. 





CORLISS ENGINES. 


COMPOUND. 
TRIPLE EXPANSION. 
SINGLE CYLINDER. 


Of all sizes up to 3,000 





Horse-power. 
— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





—. 
i a 


Pd r CORRESPONDENCE SOLICITED. 


HOME OFFICE: MT. VERNON, OHIO. 
NEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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* PULSOMETER $3" 


“The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 






The Handiest, Simplest and Most iiciens Steam Pump for 
@ General Low Service Mining, Quarrying, Railroad, Irrigating, 
@ Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
@ Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Applica.ion. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 


Pipe and Bolt 
Machinery. 


Lightning and Green River 


Taps and Dies. 


Contractors’ 


of every 


Supplies descriptuon.. 
WRITE FOR PRICES. 


cS. Be. DUI. Berk, 
(35 GREENWICH ST., , NEW YORK. 
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Do You noes! Your Ores ? 
an CAN SAVE. . 


FUEL om ti REPAIRS AND LABOR, 


BY USING 


The Ropp Straight Line Furnace, 


FOR SALE BY 


PARKE & LACY CO.,, 


21 & 23 Fremont Street, San Francisco, Cal. 











SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


BOILERS AND ENGINES. 


BOILERS—sraTIONARY RETURN 
TUBULAR; WATER TUBE, LO- 
COMOTIVE, VERTICAL. SCOTCH 
MARINE. BOILERS ON WHEELS 
OR SKIDS. 


ENGINES—niGH — MODERATE- 
SLOW SPEEDS—HORIZONTAL— 
VERTICAL-SINGLE AND DOUBLE 
COMPOUND AND TRIPLE EX- 
PANSION. 





STEAM PLANTS SPECIALLY ADAPTED FOR DRILLING AND 
MINING MACHINERY. 


PIERCE & MILLER ENCINEERING CO., 
% CORTLANDT STREET, NEW YORK CITY, N, Y. 








COMPRESSED AIR. 


W. A. CROOK & BRO.’S CO., 


Manufacturers of 


[mproved Hoisting Engines, 


FO PILE DRIVING, RAILROADS, BRIDGE 
BUILDING, MINES, QUARRIES, COAL 
vvvvrrY’® HOISTING anp BUILDING PURPOSES. 


BUILT ON THE DUPLICATE PART SYSTEM. 





OVER 350 SIZES AND STYLES, 

Log Hauling by Steam and Suspension 
Cableways 
BOSTON OFFICE: 
47 Pearl Street, cor. Franklin. 

. 
al, MAIN OFFICE AND FACTORY: 
117-123 Poinier Street, Newark, N. J 





ON, SALESROOM : 


143 Liberty Street, = New York. 


, THE | Compressed Air. 





Practical information upon Air-Compression 
i e and the Transmission and Application 
i ( mel Husi-Proof (api pls | of Compressed Air. 
4 | 
| Dy FRANK RICHARDS. 12mo, cloth, $1.50 


John Wiley & Sons, New York. 
Will give the best satisfaction for any and 


all purposes of filing. They occupy but JAMES McCAR TNEY, 


little floor space, are of large capacity, and Contractor and Builder 
+] 





Patents, Trade Marks, Designs. 


Searches as to Novelty; Reports on Infringements; 


x easily operated. | 
1199 FULTON AVENUE, 
The best is always cheapest. | 
NEW YORK. 
) Write for particulars. | 
| 
| 
| 


The M. OHMER'S SONS CO, Patent Matters Exclusively; 15 Years Experience 


Refers to Publishers this Magazine. 
FRANKLAND JANNUS, 
Attorney-at-Law, Atlantic Bld., Washington, D. C 


73 Nassau St., New York. 


Always have Title Examined before Investing iu 
Patent Property. 


Home Office & Factory: Dayton, O. 











to COMPRESSED AIR. 


CAMERON STEAM PUMPS. . 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 













ADAPTED TO EVERY POSSIBLE DUTY. 


MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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a TEI "Fen 








= STEAM AND AIR DRILL HOSE A SPECIALTY. 


THE-MANHAT TAN sousmnone son. commana 


















’ —s 
RUBBER MF’G CO. RUBE 
Steam Packing, ZA 
Pump Valves, RS 
om Air Compressor Valves, is “a= 
u RN 
Belts, 
Car 
Springs, 
Gaskets, 
Suction FRANK CAZENOVE JONES, 
Hose, PRES’T AND GEN’L M’G’R, 





Emery Wheels, 
ALL KINDS OF MECHANICAL RUBBER COODS. 


Factories: General Office and Salesroom : 
Passaic, N. J. (onD.L.&W.R.R.) 64 CORTLANDT ST., NEW YORK. 


SEND FOR ILLUSTRATED GATALOGUE, 


ee — a a 


mLectric Blastine. 


TOR ELECTRIC FUSE 


Victor Electric Platinum Fuses. 

Superior to all others for exploding any make 
of dynamite or blasting powder. Each fuse folded 
separately and packed in neat paper boxes of 50 
each. All tested and warranted. Single and 
double strength, with any length of wires. 


“Pull Up” Blasting Machine. 
The strongest and most powerful machine ever 
made for electric blasting. No. 3 fifes 20 holes. 
No. 4 fires 0 holes. No. 5 fires 1o0 holes. They 
are especially adapted for submarine blasting, 

large railroad quarrying and mining works. 


Victor Blasting Machine. 
No. 1 fires 5 to 8 holes; weighs only 15 Ibs., 
adapted for prospectling, stutnp blasting, well 
sinking, etc. 








STANDARD ELECTRIC FUSK AND BLAST TESTER, WIRE REELS (New 
Design), LEADING AND CONNECTING WIRE. 


MANUFACTURED ONLY BY 


JAMES MACBETH & CO., 128 Maiden Lane, New York City 





Piston | i y x. ve, 
Inlet Vobeek seine Sear phe of Me toce: 
Air Compressors. 


Used by =e a *) ; Features : 
Anaconda [lining ies a —_ aN Piston Inlet 
Co. } Wy Valves 
Erie R. R. Co. 


- , oP Automatic 
ae Ht | 7] AA 
Cambria Iron Co. 7 trcowen: seenean tt Se Unloading 
‘ EW YOnK, 


talk end Pe 
Nottingham | Oye Device. 
Catery. welt meee « Water Jacketed. 


maineen ae Efficient Cooling. 


And shops Re WL he "6 bee m. , — 
of every a .— eS . earance, 


description. ia _ ay ® er Nolte Rs _ , Simplicity, 





High Duty Compressors, Straight Line, Half Duplex and Duplex. 


THE 


Ingersoll- 


Sergeant 
Drill Co... 


Havemeyer Building, | 
New York. 


& S&F & 


Effect of Steam Hammer on a 
Piston Inlet Valve. 

pe lin = —— a 

iy ea) ee 


mS ooh —— 


~—— te . x= 


SREEEEEEEES 


Bent but not broken. | 
Send for Catalogue. 











